Molecular control of circadian behavioral rhythms.
Several genes have been recognized in Drosophila that regulate circadian rhythms. Homologues of these genes have now been found in mice and humans, suggesting a mechanism that is conserved throughout the animal kingdom. For some of these genes and their products, molecular oscillations are produced in certain cells of the Drosophila and mammalian brain. Two genes, period and timeless, are transcribed with a circadian rhythm that is regulated by activities derived from their encoded proteins, PER and TIM. Nuclear localization of these proteins downregulates per and tim transcription by suppressing the activities of two transcription factors, dCLOCK and dBMAL1. Cycles in this feedback regulation are promoted by events that regulate the accumulation, physical interaction, and nuclear translocation of PER and TIM proteins. PER and TIM must physically associate to enter the nucleus and their cytoplasmic interaction is delayed by a kinase encoded by the clock gene, double-time. This kinase directs PER phosphorylation, which leads to PER degradation. Effects of the kinase are blocked once PER is complexed to TIM. These interactions prolong the interval of per and tim transcription by ensuring that PER/TIM complexes from only after TIM has accumulated for several hours.